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Laser Irradiation Control of Fetal Endoscopic Surgery for Twin-twin Transfusion Syndrome

Performance Verification Using Temperature Sensor

Akihiro NAGANAWA*, Kiyoshi OkA™*, Katsuyuki SUZUKT*,
Takeshi SEKI* and Toshio CHIBA***

Recently, fetoscopic laser photocoagulation has been used for treatment of twin-twin transfusion syndrome
(TTTS). In this treatment, it is needed to appropriately keep the tip of laser fiber away from the placental sur-
face, since their distance significantly influences the success in placental blood flow interception. We developed
a laser device using the composite-type optical fiber which consists of a centrally located single fiber for laser
treatment and its surrounding fibers for diagnosis. Then, the device is expected to enable measurements of the
distance between the fiber tip and the placental surface with resultant accurate laser irradiation. In this paper,
we describe the experimental results regarding power control of laser irradiation to the porcine liver as a basic

research for ceasing placental blood flow.

Key Words: fetal surgical treatment, composite-type optical fiber, laser irradiation control, temperature control

1. 0OoO0OaoO

0000000000000000000000000O0
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
0000000000000000000000000000
000000000000000000000000000
0DY’0000000000000000000000000
000000000000000000000000000
000000000000000000000000000
0000000000000000
00000000000000000000000000
000000000000000000000000000
000000000000000000002300000

*00000000000000O0
ooooooon 11
* JooOoooooooo

** pgooooooooo
Department of Mechanical Engineering, Akita University
Japan Atomic Energy Agency
*** National Center for Child Health and Development

0 Received January 11, 20080

0000000000000000000 20000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
0000000000000000000000000000
0000000000000 00000000000000
000000000000000000000000000
0oooooooon
00000000000000000000000000
00000000C00000000000000000000
0000000000000000%Y000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000() 0000
000000000000000000000000000
0000000000000 00000000000000
000000000(2)0000000000000000



ooooooooooooooooooboboooooooon
ooooooooocoooooooobooo
goooooooooboooboooooooo 200000
ooooooosooooooooooooboboboboooDooo
ooo40000000D00C0O0O0O00O0O0OODODDOO
oo0o0o0oooOoO0oO0s000000006000 70000
oooooooooooooooooooooooooon
ooobO0O0O0000006000000O00OC0COOOOO
ooooooooooooooooooboOooooooon
oobo0o0ooooooobovry0o0oOooOoooooo

2, ODO00O0OOOOO0OO0OO

Fig. 100000000000000000O0000O0OO
O0O0O0Fig. 20000000000000000000OO
oooooooooooooboooooobobOoOoooon
oooooooooooOoooooooboboOoOoooooon
0000 pCOODO0DOOOOOOOOODOOOOOOOOOO
00000000 ¢ 0.lmmO0OO000OOFig. 2(a)000
coooooooboooooooooboboooooooon
ooooooooooooooooooboboooooooon
Ooo00O00000000000000 ¢20mm0O000O
oooooooobooooooooooboboooooooon
ooooooooooooooooooboobooooooon
O1ommO00000000DOOC0O0O0OOODOOOOCOODOO0

Laser source for illumination Laser source

5 ] Coupling device

TV monitor

Fig.1 Developed composite-type optical fiberscope system
(named Tainai-LaMiel)

Irradiation part

8Smm

(a) Fiber tip (b) Endoscopic image

Fig.2 Composite-type optical fiberscope
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Fig.3 Composition of optical fiberscope system
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Fig.7 Feedback control system with temperature sensor
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Fig.8 Experimental result for step response

100
- AOW__ [/
~4
80 20W__
g r 0W__ /]
S 60 - P
5 7/
E T Z
2 L 10w
£ w0
& L
20 = Delay time
- 0.3s
0 | | | | |

4.8 5.0 52 5.4 5.6 5.8 6.0 6.2
Time [s]

Fig.9 Experimental result for step response
(Magnified figure)
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(Magnified figure of Fig. 10)
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Table 1 Diameter and depth of irradiation vestige for laser
output control

60 70
Diameter | 1.35 | 2.17
Depth 1.58 | 1.60
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